cise can have anti-inflammatory effects in obesity, but the optimal type and intensity of exercise are not clear. This study compared short-term high-intensity interval training (HIIT) with moderate-intensity continuous training (MICT) in terms of improvement in cardiorespiratory fitness, markers of inflammation, and glucose control in previously inactive adults at elevated risk of developing type 2 diabetes. Thirty-nine inactive, overweight/obese adults (32 women) were randomly assigned to 10 sessions over 2 wk of progressive HIIT (n ϭ 20, four to ten 1-min sessions at ϳ90% peak heart rate, 1-min rest periods) or MICT (n ϭ 19, 20-50 min at ϳ65% peak heart rate). Before and 3 days after training, participants performed a peak O2 uptake test, and fasting blood samples were obtained. Both HIIT (1.8 Ϯ 0.4 vs. 1.9 Ϯ 0.4 l/min, pre vs. post) and MICT (1.8 Ϯ 0.5 vs. 1.9 Ϯ 0.5 l/min, pre vs. post) improved peak O2 uptake (P Ͻ 0.001) and lowered plasma fructosamine (P Ͻ 0.05). Toll-like receptor (TLR) 4 (TLR4) expression was reduced on lymphocytes and monocytes after both HIIT and MICT (P Ͻ 0.05) and on neutrophils after MICT (P Ͻ 0.01). TLR2 on lymphocytes was reduced after HIIT and MICT (P Ͻ 0.05). Plasma inflammatory cytokines were unchanged after training in both groups, but MICT led to a reduction in fasting plasma glucose (P Ͻ 0.05, 5.9 Ϯ 1.0 vs. 5.6 Ϯ 1.0 mmol/l, pre vs. post). Ten days of either HIIT or MICT can improve cardiorespiratory fitness and glucose control and lead to reductions in TLR2 and TLR4 expression. MICT, which involved a longer duration of exercise, may be superior for reducing fasting glucose.
high-intensity interval training; prediabetes; aerobic exercise; glucose control; chronic inflammation CHRONIC LOW-GRADE INFLAMMATION, characterized by an increase in basal circulating proinflammatory cytokines and/or acutephase reactants (9) , is implicated in the pathogenesis of obesity, insulin resistance, and type 2 diabetes (T2D) (27) . While the underlying cause of inflammation has not been fully elucidated, metabolic disruptions associated with insulin resistance have been shown to directly trigger innate immune responses. For example, hyperglycemia and elevated free fatty acids are linked with increased activation of immune cells, including increased surface protein expression of Toll-like receptors (TLRs) (11) and augmented release of proinflammatory cytokines (27) . Studies have also reported elevated CD14 ϩ monocyte TLR expression in patients with T2D compared with age-matched normoglycemic controls (10) . TLRs are conserved pattern-recognition receptors that recognize a variety of exogenous and endogenous pathogens to coordinate innate immune responses (2) . Increased TLR2 and TLR4 expression and the resulting proinflammatory environment are associated with a cluster of cardiometabolic risk factors, including insulin resistance, T2D, and atherosclerosis (10) .
Exercise improves metabolic health and decreases the risk of T2D in individuals with prediabetes (8) . One potent systemic benefit of regular exercise is thought to be its anti-inflammatory effects (33) . Some of the anti-inflammatory effects of regular exercise are likely attributable to a reduction of adipose tissue (13) , but there is also growing evidence that exercise, in the absence of weight loss, can directly impact immune cell phenotype and alter systemic inflammatory mediators (for review see Ref. 17) . The ability of exercise to reduce monocyte TLRs is one hypothesized mechanism through which this anti-inflammatory effect may occur (38) .
Multiple studies have shown reduced monocyte TLR4 expression after both acute exercise and training interventions (15, 38) , but the impact of exercise on monocyte TLR2 is less clear (38) . The influence of aerobic exercise on TLR expression on other distinct immune cells has not been adequately studied. One study examining TLR2 and TLR4 in mixed peripheral blood mononuclear cells (PBMCs) reported no effects after 15 days of aerobic exercise training (34) . As PBMCs represent mostly lymphocytes and some monocytes, TLR expression on isolated cell types cannot be quantified using this technique.
Despite evidence for the anti-inflammatory impact of exercise, it is unclear what type or intensity of exercise is most effective (17) . Recently, high-intensity interval training (HIIT) has gained attention as a time-efficient exercise strategy, providing a unique physiological stimulus compared with traditionally prescribed moderate-intensity continuous training (MICT) (45) . A recent meta-analysis of 10 studies reported greater improvements in cardiorespiratory fitness following HIIT (average increase of 19.4%) compared with MICT (average increase of 10.3%) in patients with cardiometabolic disease (45) . Studies have also reported greater improvements in endothelial function (40) and glucose control (25) after HIIT than traditional MICT in overweight and/or obese individuals. On the basis of the findings that HIIT promotes superior gains in cardiometabolic health, it is possible that HIIT may also have greater anti-inflammatory effects than MICT, but this hypothesis has not been tested.
The purpose of this study was to examine the impact of HIIT and MICT on markers of inflammation and cardiometabolic health in individuals at elevated risk of T2D. We examined 1) circulating pro-and anti-inflammatory cytokines, 2) leukocyte TLR2 and TLR4 expression, 3) ex vivo cytokine secretion in whole blood cultures, and 4) standard cardiometabolic health markers, before and after 2 wk of HIIT or MICT, in inactive, overweight/obese adults. We employed short-term training modeled after previous research (26) to minimize any changes in body composition to isolate the direct effects of HIIT and MICT on inflammatory parameters. We hypothesized that HIIT would result in greater improvements in cardiometabolic health than MICT. Because of the links between improved cardiorespiratory fitness (15, 29) and metabolic health (10) with reduced inflammation, we also tested the hypothesis that HIIT would lead to greater reductions in markers of inflammation than MICT.
METHODS AND MATERIALS

Participants
Participants recruited were considered to have prediabetes based on glycated hemoglobin (HbA1c; Bayer A1C Now) values between 5.7 and 6.4% (3) and/or a Canadian Diabetes Risk (CanRISK) assessment questionnaire score Ͼ21, along with body mass index (BMI) Ͼ24 kg/m 2 . Additionally, to be eligible, participants had to be inactive (assessed by standard 7-day physical activity recall interview conducted during screening and defined as completing fewer than two 30-min bouts of moderate-to-vigorous physical activity per week) and cleared for participation in vigorous activity as determined by the Canadian Society for Exercise Physiology (CSEP) Physical Activity Readiness Questionnaire-Plus (PAR-Qϩ) administered by a CSEPcertified exercise physiologist. Exclusion criteria included diagnosed diabetes, glucose-lowering medications, uncontrolled hypertension (blood pressure Ͼ160/90 mmHg), history of heart disease, myocardial infarction or stroke, and any other contraindications to exercise. All subjects provided written informed consent. The study was approved by the University of British Columbia Clinical Research Ethics Board. A total of 62 participants were screened, and 39 were eligible for the study and enrolled. Demographics and baseline characteristics are provided in Table 1 .
Experimental Protocol
After they were screened, eligible participants were randomized to HIIT (n ϭ 20: 3 men and 17 women) or MICT (n ϭ 19: 4 men and 15 women). Both groups completed the same experimental protocol, which consisted of baseline (pre) testing, a 10-session exercisetraining intervention over a 2-wk period, and posttesting conducted 48 -72 h following the final training bout. Fasting blood samples were collected 48 -72 h following the final training bout to avoid confounding influence from the last training bout (12) .
Pretesting
Pretesting was conducted Ն7 days prior to the training program start date when participants had no current or recent infection symptoms (assessed through self-report). On the morning after an overnight (Ͼ8-h) fast, manual blood pressure was measured using Canadian Hypertension Education Program guidelines, and a blood sample was obtained from an antecubital vein by venipuncture. Body mass and height were assessed. Participants consumed a light snack prior to completing a continuous incremental ramp maximal exercise test on an electronically braked cycle ergometer (Lode Excalibur, Groningen, The Netherlands) to determine peak O 2 uptake (V O2peak), peak heart rate (HRpeak), and peak power output (Wpeak). The test started at 50 W and increased by 15 W/min until volitional exhaustion and/or revolutions per minute fell below 50. Continual measures of O2 uptake and CO2 output were made by a metabolic cart (TrueOne 2400, Parvomedics, Salt Lake City, UT), which was calibrated with standard medical-grade gases and a 3.0-liter syringe before every test. V O2peak was defined as the highest 30-s average for O2 uptake (l/min and ml·kg Ϫ1 ·min Ϫ1 ). HRpeak and Wpeak were defined as the highest value achieved.
Training Intervention
The training program comprised 10 progressive sessions of exercise performed over a 2-wk period. Exercise sessions for HIIT and MICT were designed to be matched for external work based on calculations of %Wpeak obtained on the V O2peak test. Specifically, individuals randomized to HIIT began with four 1-min intervals at ϳ85-90% W peak (eliciting ϳ85-90% HRpeak) and increased to ten 1-min intervals by day 10. The interval protocol had a work-to-rest ratio of 1:1, with 1-min recovery intervals completed at 20% of Wpeak, and included a 3-min warm-up and cooldown at 32.5% Wpeak. This HIIT protocol was modeled after previous studies that indicate improvements in cardiometabolic health in individuals with, and at risk for, T2D (25, 26) . Individuals randomized to MICT began with 20 min of continuous activity at ϳ32.5% W peak (eliciting ϳ60 -65% HRpeak) (25) and gradually increased at the same percent increase in estimated total work up to 50 min by day 10. Participants completed the first and last sessions on a cycle ergometer at these prescribed intensities but were allowed to choose among treadmill walking, outdoor walking, elliptical training, and cycle ergometry for other sessions. During the intervention, participants wore downloadable heart rate monitors (FT7, Polar, Kempele, Finland) to ensure that training elicited the prescribed heart rate. Two trained research assistants supervised participants for 7 of the 10 exercise bouts in the lab. Three bouts (1 in week 1 and 2 in week 2) were performed independently as outdoor walking by participants at their home, with heart rate monitors used to ensure compliance.
Posttesting
At ϳ48 -72 h after the last training session, participants returned to the lab for posttesting, which was conducted in a manner identical to baseline testing.
Blood Measures
Metabolic markers. Venous blood samples were collected into sodium heparin tubes (BD Vacutainer) by venipuncture using a 21-gauge needle (BD Eclipse). A portion of the sample was centrifuged at 1,200 g to obtain plasma and used for analyses. Fasting glucose was measured by the hexokinase method, fasting nonesterified fatty acids (NEFAs) were assessed by colorimetric assay (Wako Values are means (SD). CanRISK, Canadian Diabetes Risk Assessment; HbA1c, glycated hemoglobin; V O2peak, peak O2 uptake; BMI, body mass index. Independent t-tests showed no differences between the 2 randomized groups at baseline (all P Ͼ 0.05).
Chemicals), and fasting insulin was measured by ELISA (Mercodia, Uppsala, Sweden) according to the manufacturer's instructions using a clinical chemistry analyzer (Chemwell 2910, Awareness Technologies), all in duplicate, with an average coefficient of variation (CV) Ͻ4% between duplicates. Homeostasis model assessment (HOMA) of insulin resistance (HOMA-IR) and HOMA ␤-cell function (HOMA-␤) were calculated using the calculator provided by the University of Oxford Diabetes Trial Unit (www.dtu.ox.ac.uk/homacalculator). Plasma fructosamine was assessed by automated commercial assay (DZ112B-K, Diazyme, Poway, CA) using the aforementioned clinical chemistry analyzer. The CV of duplicates was Ͻ10%.
TLRs. Whole blood was analyzed using flow cytometry to determine TLR2 and TLR4 expression on CD14 ϩ monocytes, CD15 ϩ neutrophils, and lymphocytes. Blood was kept on ice and analyzed within 45 min of collection. Six microliters of FcR blocking reagent were added to 54 l of whole blood and incubated in darkness for 10 min at 4°C. Blood was stained with 10 l each of CD45-APC-Vio770, CD14-VioBlue, CD15-FITC, TLR2-PE, and TLR4-APC (all from Miltenyi Biotech, Bergisch Gladbach, Germany), resulting in a 1:11 dilution of all antibodies. Samples were again incubated at 4°C in darkness for 10 min. MACSQuant running buffer (1 ml; Miltenyi Biotech, Bergisch Gladbach, Germany) was added to each of the samples, which were subsequently analyzed on a Miltenyi MACSQuant Analyzer 10 flow cytometer using a no-wash, no-lyse protocol.
The trigger was set on the CD45 ϩ channel to capture leukocyte events, while red blood cells and debris were omitted on the basis of lack of CD45 expression and scatter profile. Monocyte, neutrophil, and lymphocyte gates were established on the basis of characteristic forward and side scatter, as well as positive staining for CD14 (monocytes) and CD15 (neutrophils). Expression of TLR2 and TLR4 on CD14 ϩ monocytes, CD15 ϩ neutrophils, and lymphocytes was assessed as median fluorescence intensity using MACSQuant software. Fluorescence-minus-one controls were used to identify positive TLR2 and TLR4 events. The gating strategy is shown in Fig. 1 .
Whole blood cultures. Whole blood cultures were prepared by diluting blood 10 times in serum-free RPMI medium (Sigma) supplemented with penicillin (50 U/ml) and streptomycin (50 g/ml) containing 5 mM glucose and seeding cells in 24-well cell culture plates at 540 l per well, as we described previously (44) . Cultures were stimulated with 1) the TLR4 agonist bacterial lipopolysaccharide (LPS, from Escherichia coli 055:B5; L6529, Sigma) at 100 pg/ml and 2) the synthetic bacterial lipoprotein TLR2 agonist PamCSK4 (L2000, EMC Microcollections, Tuebingen, Germany) at 100 ng/ml. Unstimulated cultures served as a control to confirm cytokine induction with LPS and PamCSK4. After 24 h of incubation at 37°C in 5% CO 2, blood culture plates were centrifuged at 2,000 g for 15 min at 4°C, and supernatants were analyzed for tumor necrosis factor-␣, interleukin (IL)-1␤, IL-6, and IL-10 using ELISA (DuoSet human cytokine ELISA, R & D Systems) according to the manufacturer's instructions. Absorbance was read at 450 nm using a FluoStar Omega plate reader (BMG Labtech, Ortenburg, Germany), and cytokine secretion was expressed per CD45 ϩ leukocyte as determined by flow cytometry. Plasma cytokines. Fasting plasma concentrations of tumor necrosis factor-␣, IL-1␤, IL-6, and IL-10 were analyzed by multiplex immunoassay (Custom MILLIPLEX panel, Millipore) and read on a MAG-PIX Bio-Plex reader (Bio-Rad, Hercules, CA) according to the manufacturer's instructions. Plasma was centrifuged at 10,000 g for 10 min at 4°C to remove any debris and analyzed in duplicate. The average CV for duplicates was Ͻ6%. Results were analyzed using Bio-Plex Manager 6.1 software. 
Statistical Analysis
Data were analyzed using SPSS Statistics (v22, 2013). Normality was assessed using Q-Q plots and the Shapiro-Wilk test. Nonnormal data were log-transformed for analyses. Comparisons of baseline values between the two groups were analyzed with unpaired t-test. A series of two-factor (group ϫ time) repeated-measures ANOVA were used to examine changes in cardiometabolic variables, anthropometrics, and markers of inflammation. Fisher's least significant difference post hoc tests were used to probe significant interactions. Statistical significance was set at P Յ 0.05. Effect sizes were calculated using Cohen's d.
RESULTS
Of the 39 participants who were eligible and enrolled in the study, 20 were randomized to HIIT and 19 were randomized to MICT. All completed the 2-wk training period with no adverse effects; however, one female participant in MICT did not complete posttesting (no reason was provided: participant did not respond to phone calls). This participant was removed from analyses, resulting in final data available for 20 participants in HIIT and 18 in MICT. There were no significant differences between the two groups at baseline (Table 1) . Expected workload intensity during training was confirmed, with the average %HRpeak elicited during HIIT being 82 Ϯ 6% and MICT being 69 Ϯ 7% (calculation included warm-up and cooldown). There was no difference in average %HR peak between supervised sessions and home sessions (HIIT: 82 Ϯ 4% vs. 82 Ϯ 4%; MICT: 69 Ϯ 6% vs. 69 Ϯ 4%).
Anthropometrics
There was a significant effect of time on body mass (P ϭ 
Cardiorespiratory Fitness
Changes in cardiorespiratory fitness over the 2-wk intervention are shown in Fig. 2 . There was a significant main effect of time for absolute V O 2peak (Fig. 2) 
Inflammatory Markers
TLR4 expression on lymphocytes (Fig. 3A) and CD14 ϩ monocytes (Fig. 3B ) was reduced following training in both HIIT and MICT (main effects of time, both P Ͻ 0.05, Cohen's d ϭ 1.54 and 0.68 respectively, reduced by ϳ25% and ϳ15%, respectively), with no difference between groups. There was a significant group ϫ time interaction (P ϭ 0.018) for TLR4 expression on CD15 ϩ neutrophils (Fig. 3C) , with post hoc tests revealing a reduction (ϳ15%) following MICT only (P ϭ 0.003, Cohen's d ϭ 1.10), with no change in HIIT. There was a significant main effect of time for lymphocyte TLR2 (P ϭ 0.010, Cohen's d ϭ 0.54), indicating a reduction with training ( Fig. 3D ; mean reduction of ϳ5%). TLR2 on monocytes and neutrophils was not affected by training (both P Ͼ 0.20, data not shown). There were no significant changes in plasma cytokines (Table 2) , except for an interaction effect on IL-10, with post hoc test showing a reduction after MICT (P Ͻ 0.05, Cohen's d ϭ 0.11). The LPS and PamCSK4 stimulation led to significant induction of cytokines. As expected, cytokines were undetectable in unstimulated control cultures. There were no effects of training on cytokine induction with LPS or PamCSK4 stimulation in whole blood cultures (Table 2) . Training had no effect on the concentration of blood monocytes, neutrophils, or lymphocytes (time main effects, all P Ͼ 0.20; Table 2 ).
Metabolic Measures
Plasma fructosamine was reduced after training (main effect of time, P Ͻ 0.05, Cohen's d ϭ 0.40; Table 3 ), with no difference between HIIT and MICT. There was a significant group ϫ time interaction (P ϭ 0.05; Table 3 ) for fasting plasma glucose, with post hoc tests revealing a reduction following MICT (P ϭ 0.031, Cohen's d ϭ 0.30) but no change in HIIT (P ϭ 0.489). Neither HIIT nor MICT impacted fasting insulin, HOMA-IR, HOMA-␤, or NEFA concentrations (Table 3) .
DISCUSSION
This study shows that, in previously inactive adults at an elevated risk of developing T2D, 2 wk of either HIIT or MICT significantly improved V O 2peak and reduced TLR4 expression on monocytes and TLR2 and TLR4 expression on lymphocytes, with no differences between exercise conditions. MICT did appear superior to HIIT for reducing fasting plasma glucose and TLR4 expression on neutrophils. Both types of training improved glucose control assessed by plasma fructosamine. A small, but significant, reduction in body mass and BMI was found, but there were no significant changes in other markers of cardiometabolic health, including fasting plasma insulin, NEFA, or HOMA-IR.
Changes in TLR Expression
It is well accepted that exercise exerts an anti-inflammatory effect (17) , and the significant effects of short-term exercise training on TLR2/4 shown here provide further evidence for this. Although previous studies have reported reduced monocyte TLR4 following exercise training (15, 38) , increased monocyte TLR4 after 2 wk of HIIT has been reported (7). However, this is the first study, to our knowledge, to demonstrate reductions in TLR4 on neutrophils and TLR2 and TLR4 ϩ neutrophils (C), and TLR2 measured on lymphocytes (D) by flow cytometry before and after training. MFI, median fluorescence intensity. Main effects of time were significant for all (P Ͻ 0.05), with a significant group ϫ time interaction for CD15 ϩ neutrophils (P ϭ 0.018). *Significant difference from pretraining within group. There were no significant changes in TLR2 on CD14 ϩ monocytes or CD15 ϩ neutrophils (data not shown). (2, 10) . A large component of the innate immune response may have been missed by previous research in which only changes in monocyte TLR expression are measured, as monocytes only make up 5-15% of circulating immune cells (35) . A previous study also employing short-term training showed no effect on TLRs measured in isolated PBMCs (containing lymphocytes and monocytes); however, the discrepancy may be explained by differences in training volume and technique of TLR measurement (Western blotting in PBMCs) compared with our study (34) . The reduction in TLRs on multiple immune cell types highlights a direct and systemic effect that could partly explain the anti-inflammatory response to aerobic exercise. The relative importance of differences in TLR2 and TLR4 expression across different immune cells following exercise is not known. However, on the basis of our novel findings of changes in TLR2 on lymphocytes after both HIIT and MICT and TLR4 on neutrophils after MICT, it would seem that, in future research, lymphocytes and neutrophils should be examined, in addition to monocytes, when the cellular mechanisms underlying the anti-inflammatory effects of exercise are assessed.
Overall, both HIIT and MICT reduced cellular markers of inflammation, but MICT led to a greater reduction in TLR4 on CD15 ϩ neutrophils. Neutrophil TLR4 is important in the innate immune response (19) and appears to regulate neutrophil survival and activation (36) . The reduction in neutrophil TLR4 after MICT supports lower innate immune activation in this cell type and possible reductions in inflammation following training in MICT. The importance of altered neutrophil TLR4 following exercise requires further investigation. HIIT and MICT were not matched for exercise duration to maintain the time efficiency of HIIT in this study. As a result, individuals randomized to MICT spent approximately twice as much time exercising. It is possible that the longer-duration exercise and/or the moderate intensity of exercise had a greater impact on neutrophil TLR4.
Mechanisms Underlying the Reduction in Immune Cell TLR
The mechanisms behind exercise-induced TLR4 reductions are not fully understood. Reduced expression of TLR4 may occur as a result of low-dose exposure to exogenous ligands, including LPS, peptidoglycan, and double-stranded RNA, as well as heat shock protein (14) , all of which may increase during each exercise bout throughout a training program. Exposure to these ligands may induce TLR4 tolerance, which can be measured as a decrease in expression (14) . Additionally, recent research indicates that acute exercise-induced changes in anti-inflammatory gene expression may have the potential to modulate TLR expression and function (1). It is unclear how potential changes in these processes culminate or interact to alter TLR expression, highlighting the need for future mechanistic research, particularly with regard to individual sessions of HIIT or MICT within a training program.
As high glucose in vitro and hyperglycemia in vivo (10, 11) have been linked to elevated TLR4 surface expression on immune cells, exercise-mediated reductions in plasma glucose may be a potential mechanism leading to lower TLR4 surface protein expression. The reduction in plasma fructosamine, which reflects average blood glucose concentration over an ϳ2-wk period (18) , provides some support for the notion that improved glucose control may have contributed to lower TLRs. However, given that we found reduced fasting glucose after MICT only and reductions in TLR4 after both HIIT and MICT, reduced hyperglycemia does not seem to fully explain our findings.
Previous studies have indicated that the anti-inflammatory effects of exercise are primarily mediated by weight loss (17, 47) . Using short-term training, we aimed to minimize reductions in fat mass to assess the direct effects of exercise on markers of inflammation. However, there was a significant main effect of time for body mass, BMI, and waist circumference, indicating that training did lead to a small, but statistically significant, reduction. Given that these reductions were minimal and had small effect sizes, we believe that reduction in immune cell TLRs was not related to changes in body mass.
Impact of HIIT on Inflammation
To our knowledge, this is the first short-term training study to compare the inflammatory profile after HIIT vs. MICT in previously inactive overweight or obese individuals at elevated risk for T2D. Our findings indicate that 2 wk of HIIT has an apparent anti-inflammatory effect as measured by a reduction in monocyte TLR4 and lymphocyte TLR2 and TLR4 expression. However, our hypothesis that HIIT would lead to greater reductions in inflammatory markers was not supported. If anything, there were greater anti-inflammatory effects of MICT as supported by larger reductions in neutrophil TLR4. These findings provide preliminary evidence that moderateintensity exercise may lead to greater anti-inflammatory responses in inactive individuals who are overweight and/or obese.
Circulating Cytokines and Metabolic Markers
The significant reduction in immune cell TLR2 and TLR4 occurred without a change in basal circulating proinflammatory cytokines, in agreement with previous research (28) . Plasma cytokines originate from spillover from various organs and tissues, such as adipose, skeletal muscle, liver, circulating immune cells (46) , and blood vessels (27) . Thus, despite potential anti-inflammatory effects detected at the cellular level, changes in inflammatory cytokines may not be detected in plasma. We believe that this highlights the additional insight provided by measuring the impact of exercise at the level of immune cells as opposed to solely assessing plasma cytokines.
Plasma IL-10, known to be anti-inflammatory (21), was decreased with MICT only. This finding was somewhat unexpected and may warrant further study. However, it is important to recognize that an increase in plasma IL-10 may be an early compensatory response to chronic low-grade inflammation (5); thus it could be speculated that reduced plasma IL-10 is indicative of lower, as opposed to greater, inflammation. Additionally, each exercise bout may result in a temporary increase in circulating IL-10 (32), resulting in the development of an anti-inflammatory environment after each training session.
The reduction of plasma fructosamine after both HIIT and MICT provides evidence that, over the course of the 2-wk training period, overall exposure to hyperglycemia was lower. Previous research has shown reduced hyperglycemia assessed by continuous glucose monitoring following an acute session of HIIT (25) and MICT (42) in individuals at elevated risk of T2D. Therefore, the reduction in fructosamine likely reflects the cumulative effect of glucose lowering following each bout of exercise throughout training. Despite equal effects on fructosamine, fasting plasma glucose was only reduced following MICT. This supports previous findings that indicate that duration of exercise may be the most important factor for improving glucoregulation in response to exercise (30) . One explanation for this effect of exercise duration may be that when longer-duration exercise is prescribed, there are fewer hours in which sedentary behavior can occur. Alternatively, differences in fatty acid oxidation related to exercise intensity may have an important role in altering glucose homeostasis, possibly via reductions in ectopic lipid deposition (30) . However, we did not see any changes in fasting plasma insulin or insulin resistance estimated by HOMA after training. The lack of change in HOMA is in agreement with some (37), but not all (20), short-term training studies. It could be that body composition changes are needed for exercise to improve insulin sensitivity (23) .
LPS-Stimulated Whole Blood Cultures
Previous studies examining MICT and/or resistance training have shown that reduced TLR4 is accompanied by reduced induction of cytokines in whole blood stimulated with LPS (28, 39) . In the current study, reductions in TLR4 expression were not accompanied by changes in cytokine secretion following LPS stimulation of whole blood cultures. This indicates that, despite a reduction in cellular markers of inflammation, innate immune function has been maintained. A longer training intervention may be required to detect changes in cytokine secretion (28) . In addition, whole blood culture supernatants were only collected at 24 h of stimulation, which may not have been optimal for detection of differences in individual cytokines.
Limitations
It is possible that the predominance of women in this study may have influenced the findings, and this may explain the difference between our results and a previous study that showed an increase in monocyte TLR4 after 2 wk of HIIT in men (7). Previous studies have described differences in inflammatory response to LPS stimulation (4) and glucose control response to HIIT (16) between men and women. We did not have the statistical power to analyze potential sex differences, but when data from only the female participants were analyzed, the results remained the same as when data from men and women were combined.
Although participants were told not to alter their diet during the course of the study, we did not specifically control or measure dietary intake, so it is possible that alterations in diet may have contributed to the changes in body mass/BMI. However, the small changes in body mass were equal between groups and likely of little clinical significance.
Our results indicate that, over 2 wk, both HIIT and MICT may have anti-inflammatory effects; however, future studies are needed to determine how these exercise interventions compare over the long term. Changes to adipose tissue mass over prolonged (12-16 wk) training may contribute to greater anti-inflammatory effects, but this remains to be determined. The optimal exercise for fat loss is unclear, as some studies have indicated superior fat loss after HIIT (6, 41) , whereas others report greater fat loss after MICT (24, 31) or comparable changes between these two types of training (43) .
Conclusion
Short-term HIIT and MICT significantly improved V O 2peak and reduced monocyte and lymphocyte TLR4 expression and lymphocyte TLR2 expression in a group of inactive adults at risk of developing T2D. These findings support the idea that reduction in TLRs on multiple immune cell types is a possible direct anti-inflammatory response to short-term exercise training at either high or moderate intensity. Both HIIT and MICT reduced plasma fructosamine, providing evidence of improved glucose control. However, MICT showed a significant reduction in fasting plasma glucose, which was not seen after HIIT, and a greater reduction in neutrophil TLR4, which may be attributable to longer-duration exercise. More research is warranted to determine whether the direct anti-inflammatory effects at the cellular level are related to improvement in cardiometabolic health and reduction of the risk for T2D over time.
